The aim of this study is to determine the causal relationship between environmental taxes and economic growth, using different measures of environmental taxes with GDP as well as adjusted net savings. A panel of European countries and a separate panel of OECD countries are used from 1995 to 2006 and the standard Granger noncausality approach is applied, using panel cointegration and a dynamic panel technique to estimate the error correction models. The results suggest some evidence of long-run causality running from economic growth to increased revenue from the environmental taxes, with also some evidence of short-run causality in the reverse direction. However overall there is little evidence to support the double dividend theory.
Introduction
Over the recent past, the European Union (EU) member states in particular and other countries in general have been set voluntary targets for the reduction in pollution and emission of greenhouse gases, which have facilitated the sometimes controversial use of environmental taxes across the world, especially the EU. As a result of recent concerns relating to the harmful effects of global warming, policy makers have become increasingly interested in the use of environmental taxation as a means of combating the problem, in order to meet targets set at the 1997 Kyoto protocol to reduce greenhouse gases.
Also, during the 1990s, beginning with the Scandinavian countries, there has been a number of attempts to introduce Environmental Tax Reform (ETR) in EU members.
This has involved shifting the burden of taxation away from factors of production to pollution and the users of natural resources, summarised as a move from economic 'goods' to environmental 'bads'. Again, one of the main ways in which EU governments have attempted to do this is through the use of energy taxes, in order to encourage a reduction in carbon emissions.
The aim of this paper is to determine the direction of causality in the long and short run between economic growth and environmentally orientated taxes using two separate datasets for the EU and the Organization for Economic Co-operation and Development (OECD) countries. For the latter dataset, this allows us to not only to include the US in the study, but also use the adjusted net saving (ANS) measure of economic performance, which includes a measure of the environment, instead of gross domestic product (GDP), which is more likely to reflect changes in the environmental taxes than GDP. This paper attempts to contribute to the debate on the effects of environmental taxes on the economy, by using the EU and OECD panel data sets to determine, using standard panel Granger non-causality tests, if there is any causal link between environmental taxes and economic growth 1 . This will in addition provide evidence regarding the effectiveness of the double dividend from the use of environmental taxes 2 .
Following the introduction, the methodology used in this study is outlined and the form that ETR has taken in the EU member states discussed. The data and results are then examined and finally we suggest some conclusions and policy implications of the study.
Previous Literature
To date most of the environmental and growth literature has been theory based, either using environmental taxes in an endogenous growth framework as in Bovenberg and De Mooij (1997) or as a general measure of environmental policy as in Ricci (2007) .
The empirical literature on this issue has mainly concentrated on the use of simulation 1 This study uses GDP and adjusted net saving to represent economic growth. An alternative approach used in many simulation studies is to use unemployment, which is usually highly correlated with GDP.
This study has not used unemployment data as in some countries such as the UK there is a strong argument that it underestimates the true value, as many who are long-term unemployed are on sick benefit instead, so do not appear on unemployment list 2 The first part of the double dividend is that the imposition of environmental taxes improves the environment, as Bosquet (1990) notes this part is less controversial as most studies believe it is the case that the levels of pollutants are reduced exercises rather than the use of econometric modelling, due to the lack of suitable macro-data so far.
The approach to environmental taxation in the EU has concentrated on the use of taxes to improve the environment, whilst using the revenue raised to reduce the distortionary taxation on labour and production. This policy is often regarded as producing the double dividend whereby the environment is improved and at the same time the economy benefits through the reduction in these distortionary taxes (Bosquet (2000) ). However other studies (Myles, 2000) argue that for the double dividend to occur, the tax system must be inefficient, in which case a better policy would be to improve the system, rather than tax the pollutants. Nevertheless, Fisher and Van Marrewijk (1998) illustrated a theoretical model which suggests that pollution taxes can result in a double dividend.
In addition to the double dividend approach, other studies have suggested further justifications for a positive causal effect from environmental policies to economic growth. Ricci (2007) suggests a number of ways in which measures to improve the environment can enhance economic growth, such as the prospect of a better environment may encourage saving. Pautrel (2009) suggests when the reduced effects of pollution on health are taken into account, the effects of the environmental policy can be positive on the economy.
The main empirical work on environmental taxation and economic growth has centred around the use of simulations on the impact of ETR on the environment, use of natural resources and the wider economy, although Leiter et al. (2009) have also used the same EU environmental tax data as a determinant of investment. In their study they find that environmental tax revenue, as an example of an environmental regulation, has a positive but diminishing effect on investment. In one study on the EU (Andersen, 2007) 
Environmental Taxes and Economic Growth
Pearce (1991) originally referred to the 'double dividend' theory, where there are two positive benefits of environmental taxes: increased environment protection and reduced distortionary taxes on the economy. This theory has on the one hand won over environmentalists who support taxes on environmental externalities and claiming 3 There is an extensive literature on the effects of various taxes other than environmental, on economic growth, such as Lee and Gordon (1995) , which tend to find a negative relationship between taxes and economic growth, although it depends on the form of the taxation. The most distortionary taxes are usually considered to be taxes on labour and capital that revenue recycling of this tax in the economy offsets distotionary taxes for labour and firms. Economists on the other hand, have argued environmental or pollution taxes affect economic development thereby reducing the competitiveness of firms. Goulder (1995) distinguishes two forms of double dividend namely: weak and strong.
The former, a less controversial one than the latter, describes revenue recycling of environmental tax to lower distortionary taxes hence providing a greater efficiency gains than handing back a lump sum to those who pay the tax.
Environmental taxes can affect the economy in a number of ways, but if the double dividend holds, we would expect the environmental taxes to have a positive and significant effect on the economic growth, whether measured by GDP or adjusted net savings. Causality could also run in the opposite direction from GDP to taxes, as a rise in the income and wealth of a country increases the ability and inclination of a country to pay the higher environmental taxes.
Environmental Tax Measures
The measure of environmental tax revenue is based on the internationally recognised definition used by the Statistical Office of the European Union (Eurostat) and accepted by the main international bodies, such as the OECD. An environmental tax is defined as any tax, which has a physical unit as a base and for which there is evidence that it has a specific effect on the environment 4 . In this study the EU data is environmental tax revenue as a proportion of GDP and total tax revenue is used as a proxy for the tax rate.
The data on environmental tax revenue is predominantly comprised of taxes on transport and energy products, such as the duty charged on hydrocarbons in the transport sector, as well as the industrial sector. It also includes the fossil fuel levy, which is a tax on electricity generated using fossil fuels. A recently introduced tax is the climate change levy, including petroleum, gas, coal and electricity. Further related tax sources include vehicle excise duty, the VAT applied to petroleum and the air passenger duty, which applies to air travel within the European Economic Area (EEA), but at a lower rate with countries outside the EEA. The transport taxes relate to the ownership and use of motor vehicles, which makes it comparable to the OECD data.
However taxes on aeroplane flights are also included. The taxes refer to both recurrent and one-off taxes, such as road tax and sales of equipment respectively.
Transport Taxes
In European areas, the transport and energy taxes initially served as an energy security measure however in recent years the trend has shifted towards an environmental one (Davoust, 2008) . There are about 375 environmentally related taxes in the OECD and about 90% of the revenues received from these taxes relate to motor vehicle fuels and motor vehicles (OECD, 2006) . Among the EU 27 member states, the energy tax represents 75% of the environmental taxes of which 80% of this tax are from fuel taxes found in the transport sector (Eurostat, 2009 ). There is large variation in the fuel noted earlier this is a macro based study using aggregated data for both taxes, pollution and energy consumption, data on a more disaggregated level is not currently available.
tax burden among the EU member states, in particular with regard to the proportion of transport taxes. In the transportation sector, two commonly used fuels are diesel and gasoline. The former is predominantly used in commercial vehicles such as freight transport whereas the latter which is unleaded and consumed in private vehicles. (OECD, 2006) . For this study the transport taxes i.e. the fuel taxes from diesel and unleaded gasoline for commercial use were obtained from the IEA in percentages and were converted into US$ per litre for the years 1995 -2006 (IEA, 2008 .
Adjusted Net Savings
This study also incorporates adjusted net savings (ANS) also referred to as genuine savings which measures the economic growth in a sustainable manner. Gnègnè (2009) where he examined ANS and welfare changes, he points out that the World Bank ANS is a step forward in understanding sustainability though more effort is required to improve it.
Methodology
Although the specific techniques differ, the general approach to Granger non- (2):
The long-run relationship and consequent error correction term is then based on a dynamic OLS or DOLS model 6 . Then as noted by Granger et al. (2000) , the long-run causality can be measured by the significance of the error correction term, whilst the short-run causality can be measured by the joint significance of the lagged explanatory variables. This gives the following specification: 
Where it dy is the differenced real per capita GDP and is equivalent to economic growth and it de is the differenced environmental tax. The it ε is the error term from the DOLS estimate and represents the error correction term, which is assumed to be negative. As with Granger et al. (2000) , long-run causality is measured by the standard t-statistic, whilst the lagged explanatory variables measure short-run causality, in this case using a t-test.
These non-causality ECM models are then calculated using the Arellano-Bover approach (1995) to dynamic panels, to remedy the potential problem of correlation between the lagged dependent variable and fixed effects, which could induce bias in used to estimate the model. Bond (2002) suggests the Arellano-Bover approach may have some advantages over other approaches to dynamic panel models, as it has better small-sample properties.
In addition we expect the error correction term to be negative to ensure the model is stable and the coefficient represents the speed of adjustment following an exogenous shock. To test the overidentifying restrictions imposed by the use of GMM, we use the Sargan test. In addition we use time dummy variables to model the time series fixed effects, as in part this models the business cycle and also it models the rapid changes in environmental regulations in the EU recently. A test of joint significance of these dummy variables shows they are highly significant.
Data and Results
The data used in this study is annual and runs from 1995 to 2006, starting in 1995 as this is the earliest data available for the environmental tax measures. The EU panel consists of twenty three countries all from the European Union 7 All the EU data is taken from Eurostat at the European Communities, consisting of environmental taxes as a percentage of GDP as well as total tax revenue. In addition we have used transport taxes again as a percentage of GDP and total taxes, to compliment the OECD database of diesel and gas taxes. The GDP is real per capita GDP. The OECD 7 The countries used are listed in Table 1 . and are limited by the data availability for some countries.
However the data includes transition economies too, who were required to improve their environments as a condition for joining the EU during the 1990s. European data is used as it is compatible across all the countries used and the variables used are defined in a similar way across these countries.
dataset consists of all OECD countries where there was sufficient data (See Table 2 ), the diesel and gas taxes are also taken from the OECD where the taxes are defined as the level of tax in dollars per gallon of gas/deisel. The adjusted net savings data is as explained earlier taken from the World Bank. Table 1 includes the summary statistics for both transport and total environmental taxes relative to GDP and total tax revenue, both follow a similar pattern overall. As is evident the countries that use environmental taxes the most tend to be Scandinavian.
Denmark relies on these taxes more than any other country, with about 5% of GDP and 10% of total tax revenue being collected in the form of environmental taxes.
Transport taxes tend to make up about 1% of GDP and 2% of total tax revenue, with a relatively low variance across the EU. In general some of the Eastern European countries collect the lowest proportions, with the Baltic states being the lowest. The same pattern is followed with the OECD dataset as shown in Table 2 , in that the UK, Switzerland and Norway have the highest average taxes on its fuel, with the USA not surprisingly having the lowest.
The results for the IPS panel unit root tests are presented in Table 3 and show that overall all three variables contain a unit root, suggesting the need to difference these variables before testing for non-causality. The cointegration tests are contained in Table 4 for the EU dataset and Based on these results we conclude that although there is some evidence of a stable long-run relationship when the taxes are the dependent variable, there is no evidence for it when GDP/ANS are the dependent variables. Where there is evidence of cointegration, the error correction term will be included in the non-causality tests, but excluded where there is no evidence as in Granger et al. (2000) .
Tables 6 and 7 contains the results from the GMM estimation of the ECMs using the Arellano-Bovver approach and the results indicate little evidence of any short-run causal effect running from the environmental taxes or transport taxes 8 to economic growth using the EU or OECD data, as evidenced by the lack of significance of the lagged explanatory variable. This offers tentative support for other studies which find either little or ambiguous evidence of the double dividend as noted in Bosquet (2000) and Anger et al, (2010) . However there is evidence of short-run causality from GDP to environmental taxes relative to GDP and transport taxes relative to total taxes, but it is negatively signed, which may be due to overall tax revenue rising during times of economic growth, so requiring less need for the environmental taxes.
The significant error correction term backs up the evidence of long-run causality running from GDP to general environmental taxes relative to GDP, suggesting as countries become richer, they are more inclined to use environmental taxes. The Sargan test of the overidentifying restrictions indicates the null is accepted in all cases, suggesting the instruments used in the GMM estimation are acceptable. In addition the F-test on the joint significance of the time dummies, suggests all are jointly significant so need to be included in the causality tests.
Using the OECD dataset, the significant error correction terms suggest there is longrun causality running from GDP to the gas and diesel taxes, which again backs up the cointegration tests. There is also a positive short-run effect from GDP to diesel taxes, which may suggest as the economy grows, the use of freight increases, which increases the tax taken from diesel. The adjusted net savings data suggests much the same as GDP, although there is evidence of short run causal effects from the gas taxes to the net savings, which is negative. This suggests that in the short term greater use of gas taxes may harm aspects of the economy.
The error correction terms are negative when causality runs to the environmental taxes indicating stability although the speed of adjustment depends on the measure used, being between 20 and 50% of adjustment back to the long-run in a year. These results accord with other studies that suggest results are sensitive to the measurement of the environmental variables (See Jeppesen, List and Folmer, 2002) , although diesel and gas taxes tend to be more significant than the general environmental tax measures used by the EU.
Conclusion
These results provide some evidence of a long-run causal effect from GDP and net adjusted savings to environmental and/or transport taxes, however there is little evidence of long-run causality in the other direction with the EU or OECD environmental tax data. This suggests there is little evidence that an expansion of environmentally friendly policies will enhance economic growth through the double dividend. The policy interpretation is that more smart approaches for efficient instruments to promote sustainable economic growth and at the same time managing the natural resources and controlling pollution levels efficiently is required. Hence, the link between environmentally related taxes and environmental development in association with revenue recycling is important. For instance, in some OECD countries, the motor fuel and motor vehicles taxes are spent on the construction or maintenance of roads and other activities such as: installation of noise-protection walls, development of bicycle lanes and improvement in public transport (OECD, 2006) . Hence, future research can assess the magnitude of such revenue recycling in environmental development against the levels of the tax burden for countries.
Also, with the OECD data, both diesel and gas taxes have no long-run causal effect on output. There is also no causal relationship from gas or diesel taxes to adjusted net savings, suggesting that our failure to find support for the double dividend is not due to limitations with GDP as a measure of welfare. Unfortunately, there is no data on the use of biofuels over this time period, which is an important area for future research as more data becomes available. Overall the evidence suggests richer countries are more able to afford the costs associated with the environmental taxes, although as with other results the effect is sensitive to the measure of the environmental policy used.
In summary, this study suggest for country's to meet their pollution targets, environmental taxes and the associated increase in renewable energy will probably need to continue but it is imperative to link these actions to economic development.
Moreover, future research will need to concentrate on more countries, such as the specific USA data and China and over longer time periods as the data becomes available for the exploration of the underlying effects of changes in environmental taxes to environmental externalities. Notes: * indicates rejection of the null hypothesis of no cointegration at the 5% level.In the first and second columns, the dependent variable in the cointegrating relation is first followed by the explanatory variable. Table 3 . ECT is the error correction term. The instruments used in the GMM estimation were the second lag of the dependent variable and the yearly dummies. The fourth column contains the p-value for the Sargan test for overidentifying restrictions, the fifth column is a F-test on the joint significance of the time dummies. Table 3 The instruments used in the GMM estimation were the second lag of the dependent variable and the yearly dummies. The fourth column contains the p-value for the Sargan test for overidentifying restrictions, the fifth column a F-test on joint significance of the time dummies
